INTRODUCTION
A release of fission products as a resulting from a nuclear accident into the troposphere where the radionuclides may eventually become dissolved in rain can fall on urban surfaces as an aqueous solution.
There is also the possibility that the radionuclides would be released in aerosol form from coagulated fume absorbed on particles of iron or other materials present in the surface.
Compared with dry deposition, radioactive fallout deposited with precipitation may cause a considerably higher local radioactive fallout even relatively far from the source of release, as could be observed following the Chernobyl Nuclear Power Plant (ChNPP) accidene(1)- (4) .
After the ChNPP accident, widely applied decontamination methods to restore large urban areas were simple including washing, scrubbing and firehosing. Much of the past decontamination experience at nuclear facilities was related to the cleanup of buildings, equipment, and paved surfaces adjacent to nuclear reactors and other facilities during normal operation or decommissioning(5) (6) . However, there has been less attention to the development of decontamination methods suitable for large scale application to urban construction materials following a nuclear accident. Many of the techniques suitable for nuclear plants and site may be too expensive for application on the scale required in an urban environment or too aggressive to be acceptable on aesthetic grounds.
Aqueous decontamination methods incorporating chemical additives and using firehosing or high pressure water jetting were considered to be suitable for large scale application.
To improve the decontamination efficiency, studies on the addition of cations for exchange with adsorbed radionuclides were carried out at a laboratory scale. Among the tested chemicals, a dilute NH4+ solution was effective in removing caesium adsorbed on a number of common urban construction materials(3)(4). However, this method turned out to be less effective because the ion exchange or contact time with the surface was relatively short and it generated liquid radioactive waste(7)- (9) .
As a dry decontamination method, a clay suspension (Na-form) technology was reported recently (10 Table  3 .
From Table 3 , n values are 0.11 for U-Na and 0.22 for K-Na and K-NH4, the suspensions are shear thinning because n <1. The average radioactivities of contaminated specimen are summarized in Table 5 . The radioactivities are in the range from 940 to 960Bq/cm2; the contamination level of nuclides is independent of the type of material.
The main radionuclide is caesium and its activity is about 88% of total activity.
As the content of 106Rh was very small, it was excluded in data analysis.
3. Decontamination Behavior A plot of activity ratio of residual to initial Cs, Am, Eu and Ce against the application Table 4 Physical properties of specimen time is shown in Fig. 4 . As the application time increases, decontamination efficiency gradually decreases. Decontamination efficiency on caesium is higher than that on minor radionuclides (241Am, (154+155)Eu and 144Ce). Two explanations are possible: (1) Cs is more easily removed than the other ions by ion exchange;
(2) Am, Eu and Ce ions substituted with sodium or ammonium ions exist as hydroxide or carbonate forms in the experimental range (measured pH values of the suspensions >9) (18) . The residual activity of caesium after three times application of clay suspension is 14-22% for slate, 41-46% for silicate brick and 58-76% for red brick with reference to the original activity.
The decontamination efficiency of K-NH4 clay suspension is better than other ones on slate and silicate brick, and K-Na and U-Na have a similar decontamination performance.
A plot of total activity ratio of residual to initial radionuclide against the application time is shown in Fig. 5 . The residual activity of specimen after three times application of clay suspension is 22-29% for slate, 47-51% for silicate brick and 64-78% for red brick with reference to the original activity.
According to the results, decontamination efficiency of Table 5 Radioactivities of contaminated specimen Fig. 4 Residual Cs, Am, Eu and Ce according to decontamination cycle of clay suspensions is somewhat lower than that of caesium (Fig. 4) , and the decontamination efficiency is found to depend strongly on the type of specimen. In the case of red brick, the permeates into the pore of the matrix or evaporates from the clay surface to the air. The radionuclides attached or adsorbed on the surface of the pore wall are hydrated by permeated liquid and then exchanged with cation in liquid. Then the radionuclides are backdiffused to the clay layer through the liquid channel. The continuous evaporation of water from the surface of the clay suspension decreases the volume of liquid which is connected between pores. The back diffusion of radionuclides to the clay layer is decreased slowly by drying.
Therefore, decontamination performance of clay suspension is complicated by many factors such as wettability of the clay suspension, exchangeability of hydrated cation, morphology of the clay layer, chemical and physical properties of specimen, etc.
From the above explanation, the exchange of radionuclide ions of specimen for exchanged cations (NH4+ and Na+) in montmorillonite is limited to the contacting interface as an exchange site. But, the excess free NH4+ and Na+ (far above CEC) in the suspension can permeate into the inner surface of specimen. Therefore, the free cations are considered to play an important role in this experiment.
K-NH4 clay suspension has good decontamination efficiency. This result is in agreement with the findings of Sandalls and De Witt et al.(3)(4) According to the studies on the removal of caesium from building surfaces and ion exchange tests with various cations (NH4+, K+, Na+ and Ca+), NH4+ was the most effective for exchanging and removing caesium ion.
The physical properties of the specimen also strongly influenced the decontamination efficiency.
Higher decontamination efficiency was achieved when the porosity and pore size are small. A given quantity of liquid in the clay suspension will fill up the specimen pores and the number of effective ion exchange sites or filled pores with liquid will be decreased by increase of the porosity. 
IV. CONCLUSIONS
As an efficient decontamination agent on the building materials contaminated by a nuclear accident, clay suspension technology was developed. The total radioactivities of contaminated surface of specimen were in the range from 940 to 960Bq/cm2. The residual activity of caesium after three times of decontamination with clay suspension was about 14-22% for slate, about 41-46% for silicate brick and 58-76% for red brick with reference to the original activity. The decontamination efficiency of K-NH4 clay suspension is better than other ones on slate and silicate brick, and K-Na and U-Na have a similar decontamination performance. The decontamination efficiency was found to depend strongly on the porosity of the specimen. The order of decontamination performance for each radionuclide of clay suspension is Cs>Am>Eu>Ce. The minor radionuclides such as Am3+,Eu3+ and Ce4+ were difficult to decontaminate by clay suspension. Considering middle and long term personal radiation exposure after the ChNPP accident, the control of external exposure by deposited Cs is important. Although minor radionuclides were difficult to decontaminate, a major portion of radioactivity controlled by caesium could be effectively removed by K-NH4 clay suspension.
